Introduction
Inflammatory bowel diseases (IBD), Crohn's disease (CD) and ulcerative colitis (UC) are chronic, disabling and progressive diseases [Peyrin-Biroulet et al. 2009 , 2012 . Most nonbiological drug therapies (aminosalicylates, steroids and immunomodulators) provide symptomatic improvement but fail to stop the underlying inflammatory process and do not change the disease course [Burger and Travis, 2011] . The advent of anti-tumor necrotizing factor-α (anti-TNF-α) agents (infliximab, adalimumab, certolizumab pegol) has dramatically changed the way we treat IBD by changing both disease course (fewer surgeries, less hospitalizations, better quality of life, steroid sparing, greater clinical remission and mucosal healing rates in both CD and UC) and patients' life (quality of life and work productivity) Feagan et al. 2008b ]. However, the establishment of new goals in the management of IBD, such as mucosal healing and evolving strategies based on a tight monitoring and accelerated stepup care together with secondary failure to anti-TNF therapy (rate loss of response is 10-20% per year and withdrawal due to intolerance is frequent in the long term), underscored the need for new IBD drugs [Peyrin-Biroulet, 2008 , 2013 Billioud et al. 2011] . Herein, we first review the biological agents that were recently approved by the US Food and Drug Administration (FDA) and European Medicines Agency (EMA) for IBD and inhibiting (golimumab and biosimilars) or not (vedolizumab) tumor necrosis factor (TNF) before discussing the next generation of biological agents that may emerge from the pipeline. 'treatment', 'biological therapy', 'cytokine', 'Tcell', 'adhesion', 'growth factors', 'biomolecules' and 'small molecules' . Also a hand search of abstracts from the yearly meetings of Digestive Disease Week and United European Gastroenterology Week between 2011 and 2014 was performed. In addition, clinical trials status was checked on http://www.clinicatrials.gov and http://www.clinicaltrialsregister.eu and new drug names were also searched and matched on google and on the website of the pharmaceutical companies developing new drugs [European Medicines Agency, 1995 US National Institutes of Health, 2011] .
Biological agents recently approved for IBD

Anti-TNF agents
The proinflammatory cytokine TNF plays a key role in chronic intestinal inflammation that causes IBD. Accordingly, most of the efficient biological agents developed so far in IBD aimed at neutralizing TNF. Until 2013, only infliximab and adalimumab were approved in Europe, while certolizumab pegol is also approved in USA, Switzerland and Russia [D'haens et al. 2011] .
Golimumab. Golimumab is a subcutaneously administered fully human anti-TNF antibody. Golimumab is approved for the treatment of rheumatoid arthritis, ankylosing spondylitis, and psoriatic arthritis [Kay et al. 2008; Kavanaugh et al. 2012] . In a phase II/III multicenter, randomized, placebo-controlled, induction study (PURSUIT-SC), anti-TNF-naïve patients with moderate-to-severe UC unresponsive to conventional treatment were randomly assigned to receive either placebo or two golimumab regimens given 2 weeks apart (200 mg followed by 100 mg, or 400 mg followed by 200 mg) [Sandborn et al. 2014a] . At week 6, both golimumab regimens induced significantly more clinical response (30% versus 51% and 55%, both p < 0.0001), clinical remission (6% versus 18% and 18%, both p < 0.0001) and mucosal healing (29% versus 42% and 45%, p = 0.001 and p < 0.0001) and improved quality of life (mean IBDQ: 14.8 ± 31.3 versus 27.0 ± 33.7 and 26.9 ± 34.3, both p < 0.0001) (Table 1 ). In the maintenance study (PURSUIT-M), patients in clinical response were treated with two regimens of golimumab (50 or 100 mg every 4 weeks) for 52 weeks. At week 54, patients treated with golimumab achieved significantly more continuous response (31% versus 47% and 50%, p = 0.01 and p < 0.001), remission (16% versus 23% and 28%, p = 0.12 and 0.004) and mucosal healing (27% versus 42% and 42%, p = 0.002 and 0.01) rates compared with those who received placebo [Sandborn et al. 2014b] . Golimumab was well tolerated with a safety profile consistent with other anti-TNFs. Antidrug antibodies (ADA) to golimumab formation have been reported in a few individuals, confirming the potential for immunogenicity of all TNF blockers [Choy et al. 2002; Zhou et al. 2007 ]. Similar to infliximab and adalimumab, golimumab was approved by both the FDA and the EMA for UC refractory to both steroids and azathioprine.
Biosimilars. The extensive use of biological agents is a major concern in terms of economic burden that led some national agencies to restrain their use overtime after achieving clinical remission [Farkas et al. 2013; Rinaudo-Gaujous et al. 2013] . Development of generics for small-molecule drugs has offered price reductions up to 80% compared with their branded counterparts [Malik, 2009] . A biosimilar is a copy version of an approved original biologic medicine whose data protection has expired [Weise et al. 2012] . However, while a generic medicine is an exact copy of a small-molecule drug, a biosimilar could significantly differ from the reference drug through changes in the manufacturing process, including type of expression system, growth conditions, purification process, formulation and storage conditions. The latter changes could therefore be responsible for clinically meaningful changes in their pharmaceutical quality, efficacy and safety especially their immunogenicity [Crommelin et al. 2003 ]. The EMA and FDA have recently published guidelines regarding the similarity between biosimilar and the reference product in terms of quality, purity, safety and efficacy [European Medicines Agency, 2013a; Food and Drug Administration, 2013] . Interestingly, even consecutive batches of originator products are never identical to each other and its manufacturing process evolves over time under similar guidance that is currently proposed for the evaluation of biosimilars [ICH, 2004] . Recently, an infliximab biosimilar (CT-P13, Inflectra®) has been evaluated in rheumatologic diseases as compared with the infliximab originator. In a phase I, randomized, controlled, parallel-group study, CT-P13 demonstrated similar pharmacokinetics, efficacy and safety than the originator [Park et al. 2013] . In a phase III, randomized, controlled, parallel-group trial in rheumatoid arthritis patients with active disease despite methotrexate treatment, CT-P13 -Gaujous et al. 2013 ]. However, immunogenicity remains an ongoing concern especially in patients switching from the originator to the biosimilar. Immune responses have been observed and linked to serious safety issues such as pure red cell aplasia caused by cross-reacting neutralizing antibodies against erythropoietin in patients treated with biosimilars of erythropoietin [Praditpornsilpa et al. 2011] . Another important concern lies on the opportunity for pharmacy, insurance companies and/or healthcare system to substitute the originator without the knowledge and/or approval of the physician [Weise et al. 2012 ]. This will require further investigation in IBD patients.
Anti-adhesion molecules
In IBD, the inflammatory process is characterized by leukocytic infiltration of the intestinal lamina propria [Lobaton et al. 2014] . Therefore, strategies targeting the recruitment of leukocytes from circulation into the site of inflammation could be a cornerstone to control the inflammatory cascade. This process involves several steps, including the capture of leukocytes by the endothelium by the interaction between L-selectin at the surface of leukocytes and their ligands (Pand E-selectins) on endothelial cells [Lawrence and Springer, 1991; Vestweber and Blanks, 1999] . Secondary adhesion molecules belonging to the integrin family then allow leukocytes to migrate through the vascular wall. The expression of selectins or integrins is activated by chemokines, which are released by T cells. In addition to selectins and adhesion molecules, leucocytes also interact with chemokines through specific chemokine receptors (CCR) [Lobaton et al. 2014] .
Natalizumab. Natalizumab is an IgG4 humanized monoclonal antibody that specifically antagonizes α4 integrin. Natalizumab was first developed in IBD showing efficacy for induction and maintenance of clinical remission in CD [Ghosh et al. 2003; Sandborn et al. 2005 The blockade of α4 integrins not only interferes with α4β7 in cell adhesion molecule 1 (MAd-CAM-1) interaction which is gut-specific, but also with the α4β1-vascular cell adhesion molecule 1 (VCAM-1) which is brain-specific and is needed to prevent, notably, JC virus from infecting the brain [Lobaton et al. 2014] . Natalizumab is FDA-approved for inducing and maintaining clinical response and remission in adult patients with moderate-to-severe CD after failure of anti-TNF inhibitors and only available in the USA [Food and Drug Administration, 2009] .
Vedolizumab. Vedolizumab is a humanized monoclonal antibody that specifically antagonizes α4β7 integrin, by inhibiting its binding to the gutspecific intestinal mucosal address in MAdCAM-1 . Vedolizumab was effective in three phase II, randomized controlled trials in UC and CD [Feagan et al. , 2008a Parikh et al. 2012] . Two large, phase III, randomized controlled trials evaluated either induction or maintenance therapy: one in UC and one in CD ]. The GEMINI I trial included 374 UC patients in the induction study (300 mg intravenously at weeks 0 and 2) and 373 UC patients who had respond to induction therapy in the maintenance study (300 mg intravenously every 4 or 8 weeks) ]. Vedolizumab demonstrated its efficacy for inducing clinical response (25.5% versus 47%, p < 0.001), clinical remission (5% versus 17%, p = 0.001) and mucosal healing (25% versus 41%, p = 0.001) at week 6. Vedolizumab was also effective to induce durable clinical response (24% versus 57% and 52%, both p < 0.001), durable clinical remission (9% versus 20.5% and 24%, p = 0.008 and 0.001) and mucosal healing (20% versus 52% and 56%, p < 0.001 for both comparisons) at week 52. The GEMINI II trial with the same study design, included 368 CD patients in the induction study and 461 in the maintenance study . Vedolizumab was effective for inducing clinical remission (7% versus 14.5%, p = 0.02) at week 6, but it did not reach statistical significance (26% versus 31%, p = 0.23) for clinical response [at least 100 points reduction in CD activity index (CDAI)]. Placebo effect, a long disease duration and previous exposure to anti-TNF therapy, have been proposed to explain these findings. Indeed, preliminary results from the GEM-INI III trial that had included CD patients with previous anti-TNF failure (failure or intolerance) have suggested that remission may be achieved beyond the 6-week period of treatment. Indeed, clinical response (25% versus 47%, p < 0.0001) and remission (12% versus 27%, p = 0.001) rates were significantly higher in the active arm at week 10 although it was no statistically significant at week 6 for clinical remission ]. In the maintenance study, vedolizumab was effective at inducing clinical response (30% versus 43.5% and 45.5%, p = 0.01 and 0.005) and clinical remission (22% versus 39% and 36%, p < 0.001 and p = 0.004) at week 52. Vedolizumab was well tolerated in patients with either UC or CD, with no cases of PML while more 3000 patients have been exposed to this drug. Vedolizumab was approved by the EMA for the treatment of adult patients with moderately to severely active UC or CD who have had an inadequate response with, lost response to, or were intolerant to either conventional therapy or a TNF-α antagonist. Vedolizumab was approved by the FDA for the treatment of adult patients with moderate-to-severe UC or CD when one or more standard therapies (corticosteroids, immunomodulators or TNF blocker medications) have not resulted in an adequate response.
Biological agents in the pipeline
The majority of new molecules for IBD aim to target T-cell activation, adhesion molecules or proinflammatory cytokines. Table 2 and Figures 1 and 2 summarize all molecules under development for IBD.
Blockade of pro-inflammatory cytokines TNF-α. A new approach for targeting TNF regardless of immunogenicity has been proposed through the generation of a polyclonal antibody response directly by the immune system of the patient. TNF-Kinoid (TNF-K) is an immunotherapeutic composed of recombinant human TNF conjugated to keyhole limpet hemocyanin as a carrier protein, inactivated and adjuvanted with ISA-51 emulsion. The administration of TNF-K prompts the production of neutralizing polyclonal antibodies against TNF [Delavallee et al. 2008] . In an open-label, phase I/II dose escalation trial, patients with moderate-to-severe CD, three doses of TNF-K were evaluated in 22 patients [Dewit et al. 2012] . No related serious adverse events were observed and all patients completed the trial. A few minor and transient local and systemic reactions were reported following immunization. Anti-TNF antibodies were induced and were variable in intensity, but persisted 3-4 months. No T-cell response specific to TNF was detected. Clinical response (at least 70 points reduction in CDAI) was observed in 66-78% of the patients whereas clinical remission (CDAI less than 150 points) was observed in 36-50% of patients. Preliminary analysis of a phase II study enrolling 60 patients with CD were disappointing. The final results of this trial are eagerly awaited.
HMPL-004, an Andrographis paniculata extract has shown its ability to reduce TNF and interleukin (IL)-1β, interferon (IFN)-γ and IL-22 expression and to prevent the development of experimental colitis by inhibiting T-cell proliferation and Th1/Th17 responses [Michelsen et al. 2013] . HMPL-004 is currently being evaluated in two phase III trials in CD and UC.
IL-12/23. IL-12 and IL-23 are pro-inflammatory cytokines sharing a common p40 subunit: IL-12 (p35 + p40) can induce Th1 differentiation whereas IL-23, together with transforming growth factor (TGF)-β and IL-6 can induce Th17 differentiation [Vignali and Kuchroo, 2012] . Ustekinumab is a monoclonal IgG1 antibody targeting the p40 subunit of IL-12/IL-23. Ustekinumab is approved for the treatment of psoriasis and psoriatic arthritis by the FDA and the EMA [Leonardi et al. 2008; Papp et al. 2008; Gottlieb et al. 2009 ]. The efficacy of ustekinumab was first investigated in a double-blind, cross-over trial with either subcutaneous or intravenous ustekinumab regimens in 104 moderate-to-severe CD patients [Sandborn et al. 2008] . Ustekinumab seemed effective for inducing a clinical response at weeks 4 and 6, but not at week 8. Interestingly, better results were observed in anti-TNF experienced patients. Ustekinumab induction and maintenance therapy was then evaluated in a large phase IIb induction and maintenance trial in moderate-to severe active CD refractory to anti-TNF agents [Sandborn et al. 2012a ]. During induction therapy, 526 patients were randomly assigned to receive either placebo or three intravenous ustekinumab regimens (1, 3 or 6 mg/kg at week 0) At week 6, the clinical response (at least 100 points reduction in CDAI) was significantly increased in the three ustekinumab groups (23.5% versus 37%, 34% and 40%, p = 0.02, 0.06 and 0.005), while no differences were found regarding clinical remission (11% versus 16%, 12% and 12%, p = 0.20, 0.21 and 0.68). Of note, both response (17% versus 32%, 32% and 43.5%, p = 0.006, p = 0.007 and p < 0.001) and remission (11% versus 18%, 18% and 18%, p = 0.11, 0.08 and 0.07) rates increased at week 8. During the maintenance phase, 145 responders at week 6 were rerandomized to receive either placebo or subcutaneous ustekinumab 90 mg at weeks 8 and 16. At week 22, ustekinumab resulted in significantly higher clinical response (69% versus 42.5%, p < 0.001) and remission (42% versus 27%, p = 0.03) compared with placebo. No new safety signals were reported. Overall, this molecule looks promising in CD. A phase III trial is ongoing.
IL-13. The cytokine IL-13 belongs to the Th2 cytokine family and activates JAK/STAT pathway [Danese, 2012; Mannon and Reinisch, 2012] . Results from a phase-2 trial investigating QAX576 in fistulizing perianal CD are still pending [US National Institutes of Health, 2011] . Results from two phase II randomized controlled trials investigating safety and efficacy profile of two anti-IL-13 monoclonal antibodies in patients with moderateto-severe active UC, have been recently made public. In the first, tralokinumab 300 mg every 2 weeks for 12 weeks showed no significant improvement in response, remission and mucosal healing rates [Danese et al. 2014 ]. However, a significant decrease of the total Mayo score at week 12 was reported. The second one has investigated anrunkinzumab (IMA-638) at three doses (200, 400 and 600 mg) versus placebo in 84 patients [Reinisch et al. 2014 ]. The primary endpoint was change from baseline in fecal calprotectin at week 14 and was not met for all the three studied doses. There was a trend for a decrease of the total Mayo score for the 200 and 400 mg arms. Another anti-IL-13 monoclonal antibody (QAX576) and a monoclonocal antibody against eotaxin-1, an eosinophil chemoattractant anti-eotaxin-1 monoclonal antibody (Bertilimumab) are currently being investigated in two phase II trials.
IL-6. The cytokine IL-6 is a contributor of Th-17 differentiation. Increased levels of IL-6 and soluble IL-6 receptor have been associated with a more severe form of IBD [Mudter and Neurath, 2007] . Tocilizumab, a fully humanized monoclonal antibody that blocks both membrane-bound and soluble IL-6 receptor that has been approved for the treatment of rheumatoid and juvenile arthritis, but had been stopped after a small pilot study in 36 patients with active CD [Ito et al. 2004; Singh et al. 2010] . A phase II placebo-controlled trial is ongoing to evaluate safety and efficacy of a subcutaneously administrated anti-IL-6 monoclonal antibody in patients with active CD (PF-04236921; the ANDANTE study) [US National Institutes of Health, 2011] .
Anti-adhesion molecules
Etrolizumab is a fully humanized monoclonal antibody that selectively binds the β7 subunit of the heterodimeric integrins α4β7 and αEβ7. Similar to natalizumab and vedolizumab, etrolizumab was shown to be effective in a phase II, randomized controlled trial in patients with moderate-to-severe active UC ]. In the EUCALYPTUS trial, 124 patients were assigned to etrolizumab 100 mg at weeks 0, 4 and 8 or etrolizumab 420 mg (loading dose) and then 300 mg at weeks 2, 4 and 8 or placebo. Clinical remission (Mayo score of ⩽ 2 with no subscore > 1) was observed in 21% of patients in the etrolizumab 100 mg group and in 8% in the etrolizumab 300 mg group, as compared with none in the placebo group (p = 0.004 and 0.05, respectively). These very promising results await confirmation in ongoing phase III trials. Other anti-adhesion molecules are currently under investigation, including an anti-MadCAM-1 inhibitor in UC and CD (PF-00547659), an anti-α2β1 integrin (vatelizumab), and FFA-2, a G-protein-coupled receptor activated by short chain fatty acid and implicated in the regulation of neutrophils activation and migration (GLPG0974).
Blockade of the downstream signaling pathways mediated by cytokines JAK inhibitors. The involvement of Janus kinase (JAK)1 and JAK3 in the transduction processes of the IL-2R and IL-6R (including IL-12 and IL-23) families of cytokines has made JAK inhibition a potential therapeutic target in IBD [Coskun et al. 2013] .
Tofacitinib is an oral JAK inhibitor that inhibits JAK1, JAK2 and JAK3 with in vitro functional specificity for kinases 1 and 3, which can modulate the signaling of a large subset of proinflammatory cytokines such as IL-2, -4, -7, -9, -15 and -21 [Riese et al. 2010 ]. These cytokines are integral to lymphocyte activation, function, and proliferation.
In a phase II, randomized controlled trial, patients with moderate-to-severe UC were randomized to receive four tofacitinib regimens or placebo twice daily for 8 weeks [Sandborn et al. 2012b ]. Of the 194 randomized treated patients, a statistical difference in clinical response rates (decrease in Mayo score of at least 3 points and 30%; decrease in rectal bleeding subscore of at least 1 point or absolute subscore of 1 or 0) from placebo was only found in the 15 mg group with 78% as compared with 42% in the placebo group For clinical remission (Mayo score of ⩽ 2 with no subscore > 1), the figures were 33% for 3 mg, 48% for 10 mg and 41% for 15 mg as compared with 10% of patients receiving placebo. For endoscopic remission (endoscopy subscore of 0), the figures were 18% for 3 mg, 30% for 10 mg and 27% for 15 mg as compared with 2% of patients receiving placebo.
Overall, it was well tolerated. The most commonly reported adverse events were influenza and nasopharyngitis (in six patients each). Two serious infection-related adverse events were observed in three patients in the 10 mg group (one anal abscess and one postoperative abscess). Also, the absolute neutrophil count was less than 1500 cells per cubic millimeter in three patients receiving tofacitinib. Therefore; the risk of opportunistic infection may be explained by cytopenia and the effects on immune cells related to JAK inhibition [Peyrin-Biroulet and Danese, 2013] . Although it was assumed that targeting JAK molecules which are only expressed in immune cells, could be associated with a good safety profile, a dosedependent increase in low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol which is not completely understood.
Tofacitinib is currently approved by the FDA for rheumatoid arthritis in patients that failed to respond to methotrexate or who are intolerant to the drug [Food and Drug Administration, 2012] . By contrast, those concerns have led the EMA to state that the benefits of tofacitinib did not outweigh its risks in rheumatoid arthritis [European Medicines Agency, 2013c ]. An ongoing phase III, induction and maintenance, randomized controlled trial aiming to assess safety and efficacy of tofacitinib in patients with UC is still recruiting. Two JAK1 inhibitors are currently evaluated in CD (GLPG0634) and UC (Peficitinib).
Laquinimod. Laquinimod is a small, synthetic, orally administered molecule that showed clinical efficacy in patients with multiple sclerosis [Comi et al. 2012] . Although its mode of action needs to be fully elucidated, it results in a T-cell shift into an anti-inflammatory phenotype and a decrease of proinflammatory cytokines [Varrin-Doyer et al. 2014] . In a phase IIa placebo-controlled, dosefinding study, patients were randomly assigned to laquinimod 0.5, 1, 1.5, or 2 mg/day or placebo for 8 weeks or placebo. In this study, the highest response (at least 100 points reduction in CDAI) and remission rates were observed at the lowest dosage of laquinimod (55% and 48%, respectively versus 32% and 16% in the placebo group) [D'haens et al. 2013] . Phase IIb/III trials are awaited.
Smad7 antisense oligonucleotide
In CD, a defective activity of the suppressive cytokine TGF-β1 is often observed, due to increased levels of Smad7, an intracellular protein that binds to the TGF-β1 receptor preventing the downstream TGF-β1-driven signaling [Monteleone et al., 2001] . In a phase I, open-label, doseescalation study of GED0301, a Smad7 antisense oligonucleotide, Monteleone and colleagues found a good safety profile and evidence of a significant decrease in the percentage of circulating IFN-γ-expressing cells. Looking at CCR9-positive cells (a homing receptor that allows T cells to migrate to nonlymphoid tissue such as the lamina propria), a significant decrease was observed in the percentages of circulating IFN-γ-and IL-17Aexpressing cells with a nonsignificant increase in the percentage of Foxp3-expressing cells [Monteleone et al. 2012] . A phase III study conducted by Celgene is scheduled to be launched by the end of 2014. Masitinib. Gastrointestinal mast cells are sentinels of the immune system located in the digestive mucosa and submucosa at the host-environment interface. MCs proliferation/activation could be observed in various conditions including IBD [Beunk et al. 2013] . Upon activation, mast cells release histamine, tryptase, membrane-derived lipid mediators and cytokines and growth factors including TNF, IL-4, IL-6, bFGF, VEGF and TGF-β [Wernersson and Pejler, 2014] . Masitinib (formerly AB1010) is a potent and selective tyrosine kinase inhibitor that targets c-kit receptor (expressed by mast cells), but also platelet-derived growth factor receptor-α/β, lymphocyte-specific kinase (Lck), Lck/Yes-related protein (LYn), and fibroblast growth factor receptor 3 (FGFR3) and the focal adhesion kinase (FAK) activation pathway [D'allard et al. 2013 ]. Masitinib has demonstrated efficacy and safety in an uncontrolled, open-label, randomized, dose-ranging, phase IIa trial in patients with active rheumatoid arthritis unresponsive to disease-modifying antirheumatic drugs [Tebib et al. 2009] . A phase II trial is ongoing in patients with active CD.
Other biological agents. Other biological agents that aim to block the downstream signaling pathways mediated by cytokines are mentioned in Table 3 and are currently evaluated in phase II or phase III trials: NNC 0142-0000-0002 (NKG2D), SB012 (GATA-3), VB-201 and DIMS0150 (TLRs) fingolimod and RPC1063 (sphingosine 1-phosphate 1 receptor) and GSK1399686 (ribosomal 50S subunit).
Conclusion
Despite decades of intensive research, the pathogenesis of IBD is still not completely understood. Furthermore, animal models are relevant to explore signaling pathways and the potential effect of a large panel of candidate drugs. However, they may not predict the safety and efficacy of the latter IBD drug through the bench to bedside transition. The development of TNFblocking agents has been launched in the 1990s based on the pivotal role of TNF in the pathogenesis of IBD. Subsequently, several biological agents targeting other cytokines, such as IL-17 and IL-10 have failed. Also, an agent that appeared relatively safe in preclinical studies may raise some safety concerns when applied in humans. This has been highlighted by experience with vizilizumab, an anti-CD3 monoclonal antibody that induces cytokine release syndrome and significant systemic consequences [Sandborn et al. 2010] .
Interestingly, the drugs developed so far and that were successful in IBD, namely anti-TNF agents (infliximab, adalimumab, golimumab, certolizumab pegol), aimed to reduce the burden of local and systemic inflammation, but their systemic effect may be associated with an increased risk of infections. The development of new approaches that could provide the targeted delivery of a drug to the gut could increase clinical efficacy and limit potential adverse events [Lautenschlager et al. 2013] . In this regard, the gut-specificity of vedolizumab may be associated with improved safety profile even though more data are needed. Post-marketing studies will specifically address this question. Other biologics, such as ustekinumab appear promising. Numerous compounds in the pipeline will offer soon new therapeutic options for these incurable diseases.
Overall, beyond TNF blockers, anti-adhesion molecules appear to be the most promising drug class in IBD, while Smad7 antisense oligonucleotide might open new therapeutic avenues for CD patients. Pending results of these trials, it is recommended to optimize available drugs in clinical practice [Asthana et al. 2014 ].
